Women of European ancestry are more likely to harbour a Lactobacillus-dominated microbiome, whereas African American women are more likely to exhibit a diverse microbial profile. African American women are also twice as likely to be diagnosed with bacterial vaginosis and are twice as likely to experience preterm birth. The objective of this study was to further characterize and contrast the vaginal microbial profiles in African American versus European ancestry women. Through the Vaginal Human Microbiome Project at Virginia Commonwealth University, 16S rRNA gene sequence analysis was used to compare the microbiomes of vaginal samples from 1268 African American women and 416 women of European ancestry. The results confirmed significant differences in the vaginal microbiomes of the two groups and identified several taxa relevant to these differences. Major community types were dominated by Gardnerella vaginalis and the uncultivated bacterial vaginosis-associated bacterium-1 (BVAB1) that were common among African Americans. Moreover, the prevalence of multiple bacterial taxa that are associated with microbial invasion of the amniotic cavity and preterm birth, including Mycoplasma, Gardnerella, Prevotella and Sneathia, differed between the two ethnic groups. We investigated the contributions of intrinsic and extrinsic factors, including pregnancy, body mass index, diet, smoking and alcohol use, number of sexual partners, and household income, to vaginal community composition. Ethnicity, pregnancy and alcohol use correlated significantly with the relative abundance of bacterial vaginosis-associated species. Trends between microbial profiles and smoking and number of sexual partners were observed; however, these associations were not statistically significant. These results support and extend previous findings that there are significant differences in the vaginal microbiome related to ethnicity and demonstrate that these differences are pronounced even in healthy women.
INTRODUCTION
Bacterial vaginosis (BV) is characterized by a shift in the vaginal microflora away from a low-diversity profile predominated by lactic acid-producing acidophiles to a highdiversity profile in which acidophiles are the minority (Goldenberg et al., 1996) . The National Health and Nutrition Examination Survey, conducted through the Centers for Disease Control, found that of 3739 women, 29.2 % were BV-positive according to Nugent's scoring, making BV the most prevalent vaginal disorder (Koumans et al., 2007; Nugent et al., 1991) . This study reported that non-Hispanic African Americans were more than twice as likely (prevalence 51.4 %) as non-Hispanic Caucasians (prevalence 23.2 %) to have BV. Importantly, BV predisposes women to serious health issues including pelvic inflammatory disease (Ness et al., 2004) , increased risk for acquisition and transmission of HIV and other sexually transmitted diseases (Cherpes et al., 2003; Coleman et al., 2007; Martin et al., 1999; Schwebke, 2003; Wiesenfeld et al., 2003) , and increased risk for adverse pregnancy outcomes, including intrauterine infection, early miscarriage, premature rupture of membranes and preterm birth (Hillier et al., 1995; Nelson et al., 2009) .
African Americans are more frequently affected by BV, and they also suffer from a more than twofold increased risk of preterm birth (,37 weeks of gestation), and a threefold greater risk of very preterm birth (,32 weeks) relative to European ancestry women (Kramer & Hogue, 2008; Paige et al., 1998) . The bases for racial differences in the rates of BV and adverse pregnancy outcome are unclear, but the disparity cannot be explained by demographic factors or lifestyle factors alone (Culhane et al., 2006; Goldenberg et al., 1996; Ness et al., 2003) and it is likely that the composition of the microbial community of the urogenital tract (e.g. the vaginal microbiome) plays a significant role. Previous studies of the vaginal microbiome reveal significant differences between African American and European ancestry women. Earlier studies using microscopy to assess the microbial profiles by morphotype found that African American women have higher Nugent scores and are less likely to be colonized by lactobacilli than women of European ancestry (Fiscella & Klebanoff, 2004; Ness et al., 2003; Nugent et al., 1991; Royce et al., 1999) . These studies were extended by terminal RFLP and shallow 16S rRNA gene profiling (Zhou et al., 2004 (Zhou et al., , 2007 (Zhou et al., , 2010 . More recently, a 16S rRNA gene survey using deep next-generation sequencing performed on vaginal samples from 98 European ancestry and 104 African American women (Ravel et al., 2011) , similar to Zhou et al. (2010) , found that vaginal microbiome profiles typically fit into one of five major groups. Four of these groups were dominated by lactobacilli: group I, Lactobacillus crispatus; group II, Lactobacillus gasseri; group III, Lactobacillus iners; group V, Lactobacillus jensenii. Group IV was a heterogeneous group of strict anaerobes (Ravel et al., 2011) . Group I was the most common group amongst European ancestry women whereas group IV was the most common in African American women.
Lactobacilli and related organisms appear to help maintain vaginal health. Oestrogen triggers the accumulation of glycogen in vaginal epithelial cells, which leads to the production of lactic acid by lactobacilli, lowering the vaginal pH to ,4.5, thereby preventing growth of 'unhealthy' neutralophiles. Some species of Lactobacillus also produce hydrogen peroxide and/or bacteriocins, which may contribute to the suppression of other bacterial species. There are six species of Lactobacillus that commonly colonize the vagina: L. crispatus, L. gasseri, L. jensenii, Lactobacillus johnsonii, Lactobacillus vaginalis and L. iners. Women are frequently colonized by multiple species (Zhou et al., 2010) . There is also debate about whether Atopobium vaginae, another lactic acid-producing bacterial species, may be a healthy vaginal component, at least under certain circumstances (Zhou et al., 2004 (Zhou et al., , 2007 . The lactic acid-producing species vary in both their stability and their capacity to protect the vagina from colonization by BV-associated anaerobes (Tamrakar et al., 2007) . These are both key traits. Stability ensures that these species will not be easily displaced by changes in their environment that may be triggered by hormonal changes, menstruation, semen deposition, transient fluctuations in pH and non-resident bacterial species. Protection reflects the capacity of the species to prevent other bacteria from colonizing the vagina. L. crispatus is highly stable and apparently protective against BV-associated bacteria, and women colonized with L. crispatus have been shown to have a fivefold decreased risk for developing BV (Verstraelen et al., 2009) . Conversely, L. iners appears to be the least stable, and the least protective, and women colonized with this species appear to have a significantly greater risk for developing BV relative to women colonized with L. crispatus (Verstraelen et al., 2009 ).
The first goal of the present study was to compare the vaginal microbiomes of African American women with and without a diagnosis of BV with those of women of European ancestry with and without a diagnosis of BV. The second goal was to investigate the hypothesis that differences in the microbiome may contribute to increased preterm birth risk in African American women. The third goal was to determine whether specific intrinsic and extrinsic factors, including body mass index (BMI), diet, smoking and alcohol use, number of sexual partners, and socioeconomic status, could account for the differences in the microbiomes of these two racial groups.
METHODS
Participant recruitment. Participants were recruited in 2009-2013 from outpatient clinics at the Virginia Commonwealth University (VCU) Medical Center and the Virginia Department of Health following written, informed consent. Inclusion criteria included women age 18-44 years who were able to provide informed consent and who were willing or already scheduled to undergo a vaginal examination using a speculum. The Institutional Review Boards for Human Subjects Research at VCU (Panel B) and the Virginia Department of Health reviewed and approved this study. Participants filled out a detailed questionnaire that included questions about ethnicity, education, employment, health habits, dietary habits and sexual history. Participants who self-reported African American (black) race and not Latino ethnicity are referred to as African American. Women who selfreported race as Caucasian (white) and not Latino ethnicity are referred to as women of European ancestry. Clinicians also filled out a diagnosis form at the time of each visit that included information about the purpose of each visit, and any diagnoses. Subjects were considered 'healthy' at the time of a visit if the purpose of the visit was for an annual examination, they received no diagnosis and were asymptomatic (e.g. no abnormal discharge). BV testing was performed only when indicated, and was based solely on Amsel's criteria (Amsel et al., 1983) . Yeast infection was diagnosed by wet mount microscopy.
Sampling and sample processing. Samples were taken by a physician using CultureSwab EZ (Becton Dickinson) from the midvaginal wall during a speculum examination. DNA was extracted from the swabs within 4 h of collection using the Powersoil kit (MoBio). The swabs were swirled directly in the Powerbead tubes supplied with the kit and processing was performed according to the manufacturer's instructions.
16S rRNA gene survey. The V1-V3 hypervariable regions of the bacterial 16S rRNA gene were amplified by PCR using barcoded primers. The 16S primers contain the A or B Titanium sequencing adaptor (shown in italics), followed immediately by a unique variable (6-9 base) barcode sequence and finally the 59 end of the primer. The forward primer was a mixture (4 : 1) of primers Fwd-P1 (59-CCA-TCTCATCCCTGCGTGTCTCCGACTCAGBBBBBBAGAGTTYGATY-MTGGCTYAG) and Fwd-P2 (59-CCATCTCATCCCTGCGTGTCT-CCGACTCAGBBBBBBAGARTTTGATCYTGGTTCAG). The reverse primer was Rev1B (59-CCTATCCCCTGTGTGCCTTGGCAGTCTCAG ATTACCGCGGCTGCTGG). PCR products were sequenced using the Roche 454 GS FLX Titanium platform. These data were generated as part of the Vaginal Human Microbiome Project (Fettweis et al., 2011) . Raw sequence data from the project are available from the Short Read Archive at NCBI (project ID phs000256; Fettweis et al., 2011) . We used a deep sequencing approach with a median 24 030 reads per sample. All processed samples were represented by .5000 reads.
Reads that met the following criteria were processed: (1) valid primer and multiplex identifier sequences were observed; (2) less than 10 % of base calls had a quality score less than 10; (3) the average quality score was greater than Q20; and (4) the read length was between 200 and 540 bases. Sequences were classified using a local installation of the RDP classifier (0.8 cut-off) and using STIRRUPS, an analysis platform that employs the USEARCH algorithm combined with a curated vaginal 16S rRNA gene database (Fettweis et al., 2012; Wang et al., 2007) .
Statistical analyses. Read counts were converted to proportions for all samples. Alpha diversity was measured using the inverse Simpson's index. The mean beta diversity and variance were estimated by sampling n distances from all (n choose 2) pairwise distances, where n is the number of samples. Distance was measured using the Bray-Curtis method. Differences in diversity between groups of samples were tested using a two-sided t-test. Fig. 1 is a contour plot of the decision function for a support vector machine with the Gaussian kernel (SVM). All 416 European ancestry women and a random sample of 416 African American women were used to train an SVM model predicting ethnicity based on the proportion of lactobacilli and diversity (measured using the log of the inverse Simpson's index). The R package kernlab (Karatzoglou, 2004) was used to generate the SVM model.
The barplots indicating the effect size of bacterial species that correlate with ethnicity were created using LEfSe (Segata et al., 2011) . LEfSe uses the Kruskal-Wallis rank sum test to detect taxa that distinguish groups of subjects, and uses linear discriminant analysis (LDA) to calculate an LDA score for the effect size, as described by Segata et al. (2011) .
Logistic regression was used for the multivariate analysis of the differences between healthy subjects and those with a BV diagnosis. Multiple regression was used for the analysis of the relationship of percentage BV-associated bacteria with intrinsic and extrinsic factors.
The boxplot of BV-associated bacteria has whiskers that extend to the highest/lowest value within 1.5 times the interquartile range. Data beyond the end of the whiskers are outliers and are plotted as points. A Wilcoxon rank sum test with continuity correction was used to test whether the proportion of BV-associated bacteria followed the same distribution for groups of subjects (pregnant/non-pregnant, African/ European ancestry). Analysis was conducted and plots were created using the R language for statistical computing (Team, 2013) and packages ggplot2 (Wickham, 2009 ), kernlab (Kratzoglou et al., 2004 and vegan (Oksanen et al., 2013) .
RESULTS

Vaginal microbial diversity is significantly greater in African Americans
We analysed 1268 vaginal samples from African American women and 416 from women of European ancestry. Subjects 18-44 years of age who were scheduled for a pelvic examination were recruited from the Women's Health outpatient clinics of the VCU Medical Center and from the Women's Health Clinics of the Virginia Department of Health. Demographic and health history information for this cohort is given in Table 1 .
We analysed both the alpha diversity (i.e. diversity of bacterial species within individuals) and the beta diversity (i.e. differences between different subjects) in the vaginal microbiomes of women of African and European ancestry. We compared the microbiome profiles of 960 women of African ancestry with 330 women of European ancestry who were self-reported as non-pregnant. As previously reported (Ravel et al., 2011; Zhou et al., 2007 Zhou et al., , 2010 , the mean (±SD) alpha diversity of microbiomes of African Americans was significantly greater than the mean alpha diversity of microbiomes of women of European ancestry (2.7±1.9 versus 1.8±1.1, P,0.0001), but the mean beta diversity was not significantly different between the two groups (0.69±0.23 versus 0.79±0.23, P50.10).
We also analysed the relationship between the proportion of lactobacilli and diversity. When lactobacilli were present in the vaginal microbiomes of women of European ancestry, they tended to dominate the microbial population and these microbiomes exhibited low diversity ( Fig. 1) . In contrast, the microbiome profiles of African American samples exhibited higher diversity even when they contained lactobacilli. When lactobacilli were absent or present in very low numbers, microbial diversity ranged widely in both groups (Fig. 1 ).
Prevalence of microbiome profiles among ethnicities
When grouped according to the predominating bacterial species, the samples from non-pregnant subjects analysed in this study fell into six distinct microbiome profiles: those predominated by L. crispatus, L. jensenii, L. gasseri, L. iners, Gardnerella vaginalis or bacterial vaginosis-associated bacterium-1 (BVAB1). BVAB1 is an uncultivated bacterium that appears to be related to the family Lachnospiraceae and is associated with BV (Fredricks et al., 2005; Marrazzo et al., 2008) . A significant number of samples did not fit into any common profile and were grouped together as 'Other'. In African American women, the most common profile was L. iners, followed by Gardnerella vaginalis, BVAB1, 'Other' and L. crispatus (Fig. 2 ; the colour code for bacterial taxa is shown in Fig. S1 , available in the online Supplementary Material). In contrast, the most common profile in women of European ancestry was L. crispatus, followed by L. iners and Gardnerella vaginalis. The BVAB1 microbial profile was only found in five samples from women of European ancestry.
Healthy versus BV profiles in African American and European ancestry women
The findings that alpha diversity and prevalence of G. vaginalis and BVAB1-dominated microbiome profiles were significantly greater in African American women were striking. We wanted to determine whether these differences occurred in healthy women or were evident primarily in women with a diagnosis of BV. Of the participants in the study, 419 non-pregnant African American women and 243 non-pregnant women of European ancestry who did not receive a diagnosis of a vaginal disorder (BV, yeast infection or sexually transmitted infection) were selected to represent the 'healthy' population. In addition, 233 samples from non-pregnant African American women and 18 samples from nonpregnant women of European ancestry were selected for analysis based on a positive diagnosis for BV. Among healthy subjects, women of European ancestry were more likely to be colonized with L. crispatus, L. jensenii, L. gasseri and Staphylococcus. African American women were more likely to be colonized by Mycoplasma hominis, L. iners and Aerococcus and a variety of strict anaerobes, including Anaerococcus, BVAB1 and BVAB2, Dialister, Peptoniphilus, Coriobacteriaceae, Parvimonas, Megasphaera, Sneathia, Prevotella amnii, Atopobium and G. vaginalis (Fig.  3a) . Comparison of subjects with BV revealed that African Americans are more likely to be colonized by (Amsel et al., 1983) . DYeast infection was diagnosed by a physician by wet mount microscopy. dHealthy was defined as women who visited the clinic for an annual examination and did not receive a diagnosis of BV, yeast infection or sexually transmitted disease.
BVAB1 and BVAB3, Gemella, Bulleidia, Dialister and Sneathia, and women of European ancestry were more likely to be colonized by M. hominis and Corynebacterium (Fig. 3b ).
Prevalence of preterm birth-associated species
Preterm birth rates are more than twofold higher in African Americans. We hypothesized that taxa associated with preterm birth would be more prevalent in the vaginal microbiomes of pregnant African American women. We analysed the microbiomes of 246 pregnant African Americans and 76 pregnant women of European ancestry. Ureaplasma, Mycoplasma, Fusobacterium, Sneathia, Gardnerella, Streptococcus, Prevotella and Bacteroides have all been detected in amniotic fluid from pregnancies that resulted in preterm birth by culture or molecular techniques (DiGiulio et al., 2010; Han et al., 2009 ). Fig. 4 shows that the prevalence of Prevotella and Sneathia was higher in samples from pregnant African American women. However, vaginal microbiomes of pregnant women of European ancestry actually had higher levels of Gardnerella.
Relationship between intrinsic and extrinsic factors and racial disparities
We investigated the differences between 'healthy' women and those receiving a diagnosis of BV based on various attributes including ethnicity (African American, European ancestry), self-reported pregnancy status (yes, no; subjects unsure of pregnancy status were excluded), BMI, yogurt consumption per week (0, .0 servings), smoking status (no, yes), income (,$20k, ¢$20k), alcohol use per week (0, .0 servings), number of sexual partners in the last year (0, 1, .1), and time since last douche [¡1 month ago, .1 month ago (including never)]. This analysis included 237 healthy women and 76 women diagnosed with BV for whom complete data were available and the results are shown in Table 2 . The statistically significant predictors were pregnancy status (P50.0270) and ethnicity (P50.0110). It was estimated that African Americans are 2.9 times as likely to be diagnosed with BV relative to women of European ancestry, and non-pregnant women are 3.1 times as likely to be diagnosed with BV relative to pregnant women. BV diagnosis also seemed to be associated with smoking, more sexual partners per year, less yogurt consumption and lower income, although the relationships did not achieve statistical significance.
Relationship between intrinsic and extrinsic factors and BV-associated bacteria
We analysed the prevalence of a group of bacteria that have been previously reported to have a strong association with BV, including Ureaplasma, Mycoplasma, Fusobacterium, Leptotrichia, Gardnerella, Sneathia, Prevotella, BVAB1, BVAB2, BVAB3, Atopobium, Mobiluncus and Megasphaera (Brotman, 2011; Fredricks et al., 2005) . We investigated the relationship between the percentage of reads of these BVassociated bacteria and African American versus European ancestry ethnicity, pregnancy status (no, yes), household income (,$20k, ¢$20k), smoking status (no, yes), BMI, alcohol use in the past week (0, .0 servings), yogurt consumption per week (0, .0 servings) and number of sexual partners in the last year (0, 1, .1). Table 3 contains the coefficients of the linear model. All variables except for BMI and number of sexual partners were categorical with two levels. BMI is measured on a continuous scale, and the number of sexual partners has three levels (0, 1, .1). Within the cohort studied, ethnicity was not independent of alcohol consumption, BMI, income, number of sexual partners in the past year, smoking status, yogurt consumption or douching practices. Nevertheless, ethnicity is a significant predictor of BV-associated bacteria. European ancestry women had 25.8 % less BV-associated bacteria than African American women (P,0.0001) as indicated in Table 3 . Those who had consumed alcohol in the past week had 11.3 % less BV-associated bacteria (P50.0079). Non-pregnant women had 10.3 % more BV-associated bacteria than pregnant women (P50.0047). The proportion of BV-associated bacteria increased with smoking and number of sexual partners, but did not achieve statistical significance at 5 %. Fig. 5 is a boxplot of the proportion of BV-associated bacteria for subjects by race and pregnancy status. Among both pregnant and non-pregnant subjects, African American women had higher proportions of BV-associated bacteria (P50.0086 and P,0.0001, respectively had lower median proportions of BV-associated bacteria within each ethnic group, but the differences in proportion from non-pregnant women did not achieve statistical significance (P50.22 and P50.44, respectively).
DISCUSSION
Previous studies that used microscopy to assess microbial profiles by morphotype found that African American women have higher Nugent scores and are less likely to be colonized by lactobacilli than women of European ancestry (Fiscella & Klebanoff, 2004; Ness et al., 2003; Nugent et al., 1991; Royce et al., 1999) . These studies were later supported by terminal RFLP analysis and shallow traditional 16S rRNA gene sequencing (Zhou et al., 2004 (Zhou et al., , 2007 (Zhou et al., , 2010 . More recently, a 16S rRNA gene survey using deep nextgeneration sequencing was performed on vaginal samples from 98 women of European ancestry and 104 African American women (Ravel et al., 2011) . The authors found that vaginal microbial profiles typically fit into one of five major groups. Four of these groups were dominated by lactobacilli: group I, L. crispatus; group II, L. gasseri; group III, L. iners; group V, L. jensenii. Group IV was a heterogeneous group of strict anaerobes (Ravel et al., 2011) . We detected these groups as well but we also found two additional major microbiome profiles, one dominated by G. vaginalis and the other dominated by BVAB1. A high proportion of samples from non-pregnant African American women in our study exhibited G. vaginalis and BVAB1 community profiles (22.1 and 16.9 %, respectively), and together these two profiles were more common than the L. iners microbiome profile (29.7 %). It is unclear why these common vaginal species appear to have been underreported in prior studies, but strengths of this study that support the validity of the finding include the size of the cohort and the custom design and validation of 16S rRNA primers used for the 16S rRNA gene survey. This study was based on the largest African American cohort to date: 1268 total participants of whom 960 were not pregnant. Primer mixes were specifically designed not only to universally amplify bacterial 16S rRNA genes but to target species known to be present in the vaginal microbiome as well, and they were carefully validated using a standardized mock sample consisting of a number of bacteria, including species of Chlamydia, that are commonly found in the vagina. All samples were carefully and specifically collected from the mid-vaginal wall of each participant, avoiding contact with and possible contamination by bacteria from the introitus, or other vaginal sites, during speculum examinations by qualified clinicians during standard practice of care to ensure the quality and integrity of the materials collected and the data derived from it. Furthermore, even less abundant bacteria were easily detected because of the depth of the sequencing performed (the median number of reads per sample was over 24 000).
Taxonomic identification of the 16S rRNA gene reads to the species level was performed using an analysis pipeline specifically designed for vaginal bacteria (Fettweis et al., 2012) . Species-level classification of lactobacilli confirmed prior reports that L. iners is the most common species in the vaginal microbiomes of African American women (Ravel et al., 2011) . L. iners appears to be less exclusive relative to other lactobacilli such as L. crispatus, and L. jensenii (Jakobsson & Forsum, 2007; Tamrakar et al., 2007; Verstraelen et al., 2009) . A recent report suggests that the failure of L. iners to effectively inhibit the growth of other species is a consequence of its low D-lactic acid production relative to other vaginal lactobacilli (Witkin et al., 2013) . Indeed, a number of anaerobic, BV-associated bacteria, including G. vaginalis, BVAB1, BVAB2, Atopobium vaginae, Megasphaera, Sneathia and Prevotella, were also more prevalent in healthy (i.e. no BV diagnosis) African American women. Thus, colonization by L. iners is probably responsible, at least in part, for the higher microbial diversity in African American women. It remains unclear why African American women would be more likely to be colonized by L. iners than the other Lactobacillus species. In contrast, healthy women of European ancestry were more likely to be colonized with three healthassociated Lactobacillus species, namely L. crispatus, L. jensenii and L. gasseri, and exhibited significantly lower bacterial diversity. However, they were also more likely to be colonized by two 'unhealthy' taxa, including Prevotella bivia, which is common in BV, and Ureaplasma, which has been associated with preterm birth and neonatal infections (Viscardi, 2014). African Americans with BV were more likely to be colonized with BVAB1 and Sneathia, which have been associated with preterm birth (Nelson et al., 2014) , and several other species including BVAB3, Gemella, Bulleidia and Dialister. In contrast, women of European ancestry were more likely to be colonized by M. hominis, which is also associated with preterm birth (Foxman et al., 2014) , and Corynebacterium, which are normal inhabitants of skin and mucous membranes. However, a weakness in this study was the small size (18) of the subset of women of European ancestry with a BV diagnosis. A larger sample size would make these conclusions more definitive.
Statistical analysis revealed associations between BV-related species and ethnicity, pregnancy, alcohol consumption, smoking status and number of sexual partners. Even when considering these and other factors, ethnicity remained a statistically significant predictor. Prior studies have shown a link between vaginal douching and BV (Brotman et al., 2008; Cottrell, 2010) . However, the number of women of European ancestry who reported douching within the past month was so low (10) that we were not able to determine whether the practice had an additional effect over ethnicity.
There was a lower chance of diagnosis of BV during pregnancy, and BV-associated bacteria are less prevalent during pregnancy. This observation is in agreement with a recent study that found increased abundance of healthy lactobacilli and lower bacterial diversity in pregnant women (Romero et al., 2014) . The variables were not independent within the cohort used in this study. Smoking status, number of sexual partners, income, alcohol consumption and yogurt consumption were all correlated with ethnicity.
Smoking has been implicated as a risk factor for BV in numerous studies (Cherpes et al., 2008; Ryckman et al., 2009) . Smoking may be compounding the risk for BV in conjunction with other factors related to socioeconomic status, rather than directly increasing it. It is likely that numerous confounding factors associated with socioeconomic status influence the development of BV. Other factors that we analysed, including BMI and yogurt consumption, did not correlate significantly in the analysis of our large cohort, although there was a trend towards a negative correlation with BV-associated bacteria with greater yogurt consumption (P50.21). A previous study suggested a trend between BV and BMI, but this trend did not reach statistical significance in multivariate analysis (Koumans et al., 2007) .
These findings are clinically relevant because African American women suffer more frequently from BV and the basis for this disparity is not understood. Besides being an annoyance and an added healthcare expense, the increased BV rates translate into higher rates of acquisition and transmission of HIV and other sexually transmitted infections (Allsworth et al., 2008; Atashili et al., 2008; Myer et al., 2005) . Not only do African American women suffer from high rates of BV, but African women have high rates of BV as well. To compound the problem, sub-Saharan Africa has the highest percentage of HIV-infected individuals in the world, and the incidence is particularly high in women; 60-75 % of HIV infections in people aged 15-24 years are in women (D'Cruz & Uckun, 2004; Sibanda et al., 2003) . Point prevalence of BV in sub-Saharan Africa may exceed 50 % and therefore contributes substantially to the rampant spread of HIV (Aboud et al., 2008) . Thus, understanding the variables associated with African ethnicity that contribute to BV is very important. Moreover, preterm birth is thought to be associated with BV and is known to be associated with African American ethnicity. This study revealed that certain bacteria that have been linked to preterm birth, including Sneathia, and species of Prevotella, are more prevalent in pregnant African American women. However, pregnant women of European ancestry were more likely to be colonized by M. hominis and G. vaginalis, which can also be detected in amniotic fluid. Therefore, other factors, in addition to differences in vaginal microbiota, probably contribute to the racial disparity in rates of preterm birth.
In summary, the data presented in this study add to the emerging evidence that a gradual spectrum of diversity in vaginal flora exists rather than the previous distinction of 'normal' and BV. This has possible clinical importance in that treatment of specific organisms has not proven effective for the prevention of preterm birth, but addressing abnormal vaginal flora with clindamycin as detected by Gram staining has been reported to have favourable results (Lamont et al., 2003; Ugwumadu, 2007) . Thus, understanding the variables associated with African ethnicity that contribute to vaginal flora has important implications regarding gynaecological, reproductive and overall health.
